Introduction
============

Atrial fibrillation is one of the most common arrhythmias in clinic. When patients are complicated with acute myocardial infarction (AMI), the risk of atrial fibrillation is even higher than 15% ([@b1-etm-0-0-6640]). Atrial fibrillation complications may lead to an increase in ventricular rate, further increasing the myocardial oxygen consumption, and aggravating myocardial ischemia and hypoxia ([@b2-etm-0-0-6640]). A large number of studies have confirmed ([@b3-etm-0-0-6640]--[@b5-etm-0-0-6640]) that atrial fibrillation is an independent risk factor for MI in patients with coronary heart disease. After coronary heart disease develops into AMI, the mortality rate of patients may be significantly increased if they are complicated with atrial fibrillation. At present, revascularization can be performed effectively via percutaneous coronary intervention (PCI) for AMI patients complicated with atrial fibrillation, ensuring the reperfusion of ischemic myocardium ([@b6-etm-0-0-6640]). However, there are few literature studies on the effect of atrial fibrillation (new-onset or complicated previously) on the prognosis of patients receiving PCI after MI. In order to fill in the above gap, effects of atrial fibrillation on complications and prognosis of patients receiving emergency PCI after AMI were mainly investigated in this study.

Materials and methods
=====================

### General data

A total of 80 AMI patients treated with interventional vascular recanalization in the Affiliated Hospital of Weifang Medical University (Weifang, China) from July 2015 to October 2016 were selected and received electrocardiogram examination when enrolled, including 40 patients complicated with atrial fibrillation before operation (control group) and 40 patients without atrial fibrillation before operation (observation group). The patients signed the informed consent when enrolled, and this study was approved by the Ethics Committee of the Affiliated Hospital of Weifang Medical University (Weifang, China). They were aged 40--60 years with a survival time of more than 1 year. Patients complicated with heart failure, definite primary myocardial disease before operation, severe pulmonary infection, mental illness, coagulation disorders, platelet dysfunction, systemic immune system disease, other arrhythmia before onset, and pregnant and/or breastfeeding patients were eliminated. In observation group, there were 40 patients without atrial fibrillation, including 21 males and 19 females. In terms of atrial fibrillation type, there were 35 cases of acute atrial fibrillation, and 5 cases of chronic atrial fibrillation. The implementation time of interventional treatment was 1--12 h with an average of 5.1±0.3 h. In the control group, there were 40 patients complicated with atrial fibrillation, including 20 males and 20 females. In terms of atrial fibrillation type, there were 34 cases of acute atrial fibrillation, and 6 cases of chronic atrial fibrillation. The implementation time of the interventional treatment was 1--12 h with an average of 5.0±0.3 h. There were no statistically significant differences in comparisons of sex, age, atrial fibrillation type and implementation time of the interventional treatment between the two groups (p\>0.05).

### Treatment methods

After admission, all patients received continuous electrocardiogram monitoring for 24 h, and dynamic electrocardiogram monitoring for 24 h. The onset time, duration, and predisposing factors of patients complicated with atrial fibrillation were recorded, and vital signs of patients at the onset were clear. Operation standards of PCI were as follows: After treatment, the stenosis rate of the remaining parts in the coronary lumen should be \<20%, and coronary artery thrombolysis in myocardial infarction (TIMI) flow grade reaches grade 3. In perioperative PCI, 300 mg clopidogrel \[NMPN J20130083, manufactured by Sanofi Winthrop Industrie (Floirac, France), subpackaged by Sanofi Pharmaceutical Co., Ltd. (Hangzhou, China)\] was taken at a draught each time, followed by oral administration of 75 mg clopidogrel per day for 12 consecutive months after operation. At the same time, 300 mg aspirin was taken at a draught before operation, followed by oral administration of 100 mg aspirin/day after operation for a long term.

### Observation indexes

The patients were followed up for 1 year. The systolic and diastolic blood pressure, heart rate, arrhythmia and common complications after MI were compared between the two groups at 1 month after intervention. Changes in coronary artery TIMI flow grade and left ventricular ejection fraction (LVEF) of patients before operation, immediately after operation, and at 3 months and 1 year after operation were also compared. Moreover, changes in the brain natriuretic peptide (BNP) levels before operation and at 1 week and 1 month after operation were compared. Finally, the recovery time of myocardial enzyme and total troponin in both groups were recorded.

### Evaluation criteria

Coronary artery TIMI flow grade is divided into a total of 4 grades (grade 0--3) as follows: Grade 0, there is no blood flow or perfusion; grade 1, there is very little blood flow or perfusion, and contrast agent can be seen only in the occluded site; grade 2, there is partial blood flow or perfusion, and contrast agent can pass the occluded site and reach the distant end, but the filling rate is lower than normal; and grade 3, there is normal blood flow or perfusion. BNP was detected via micro-particle enzyme immunoassay, and its normal range is 0--38 pg/ml. Serum lactic dehydrogenase (LDH) was detected via velocity method, and its normal range is 100--240 U/l. Creatine kinase-MB (CK-MB) was detected via colorimetric method, and its normal range is 0--25 IU/l. The level of cardiac troponin (cTn), including cTnT, cTnI and cTnC, \>1.0 µg/l was used as a critical value of diagnosis of AMI.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 13.0 software (SPSS, Inc., Chicago, IL, USA) was used. Measurement data are presented as mean ± standard deviation (mean ± SD). t-test was used for the comparison of means between the two groups, and Chi-square test was used for the intergroup comparison of rates. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of systolic and diastolic blood pressure as well as heart rate at 1 month after intervention between the two groups

At 1 month after intervention, the systolic and diastolic blood pressure in the observation group were significantly higher than those in the control group (p\<0.05), but the heart rate was lower than that in the control group (p\<0.05) ([Table I](#tI-etm-0-0-6640){ref-type="table"}).

### Comparison of arrhythmia between the two groups

During the intervention, the total proportion of patients with ventricular arrhythmia, atrial arrhythmia, atrioventricular block and sinus tachycardia in the observation group was significantly lower than that in the control group (p\<0.05) ([Table II](#tII-etm-0-0-6640){ref-type="table"}).

### Comparison of common complications after MI between the two groups

During the 1-year follow-up after operation, the total proportion of common complications after MI, such as ventricular aneurysm, cardiac rupture, mural thrombosis and syndromes after MI, in the observation group was obviously lower than that in the control group (p\<0.05) ([Table III](#tIII-etm-0-0-6640){ref-type="table"}).

### Changes in coronary artery TIMI blood flow grades of patients at different time-points before and after operation

There was no statistically significant difference in the coronary artery TIMI flow grade between the two groups before operation (grade 0.3±0.3 vs. 0.3±0.1, t=0.000, p\>0.05) ([Fig. 1](#f1-etm-0-0-6640){ref-type="fig"}). The coronary artery TIMI flow grades in the observation group immediately after operation, and at 3 months and 1 year after operation were grade (2.6±0.3), (2.3±0.3) and (2.1±0.2), respectively, which were significantly higher than those in the control group (grade 2.2±0.2, 2.0±0.2 and 1.7±0.1) (t=7.016, 5.262 and 11.314, p\<0.05).

### Changes in LVEFs of patients at different time-points before and after operation

There was no statistically significant difference in LVEF between the two groups before operation (32.5±1.5 vs. 32.6±1.5%, t=0.298, p=0.766 \>0.05) ([Fig. 2](#f2-etm-0-0-6640){ref-type="fig"}). LVEFs in the observation group immediately after operation, and at 3 months and 1 year after operation were (41.5±2.0, 56.1±2.6 and 61.1±2.7%), respectively, which were significantly higher than those in the control group (38.6±1.8, 49.7±2.0 and 53.5±2.6%) (t=6.816, 12.340 and 12.823, p\<0.05).

### Changes in BNP levels of patients at different time-points before and after operation

There was no statistically significant difference in the BNP level between the two groups before operation (1285.6±23.6 vs. 1286.5±23.5 mg/l, t=0.171, p=0.865 \>0.05) ([Fig. 3](#f3-etm-0-0-6640){ref-type="fig"}). The BNP levels in the observation group at 1 week and 1 month after operation were (356.6±15.1 and 113.2±5.1 mg/l), respectively, which were obviously lower than those in the control group (689.9±20.8 and 286.9±9.5 mg/l) (t=82.012 and 101.886, p\<0.05).

### Comparison of recovery time of myocardial enzyme and total troponin between the two groups

The recovery time of myocardial enzyme and total troponin in the observation group was significantly earlier than that in thw control group (p\<0.05) ([Table IV](#tIV-etm-0-0-6640){ref-type="table"}).

Discussion
==========

Currently, the pathogenesis of AMI complicated with atrial fibrillation is not yet fully understood in clinic, among which sinoatrial node ischemia ([@b7-etm-0-0-6640]) and decreased electrical stability of myocardium ([@b8-etm-0-0-6640]) are common theories. In AMI patients complicated with atrial fibrillation, the lesion is often located in the right coronary artery, and the possible reason is that the obstruction of the right coronary artery is prone to cause sinoatrial hypofunction, affecting sinus rhythm ([@b9-etm-0-0-6640]). At the same time, the electrical stability of myocardium is decreased, leading to atrial fibrillation. If AMI patients are complicated with atrial fibrillation, the cardiac output may be further reduced, increasing ventricular rate, causing further imbalance between myocardial oxygen supply and demand, aggravating myocardial ischemia and hypoxia, and even expanding the infarct size, ultimately inducing and aggravating heart failure and even resulting in cardiac arrest in patients ([@b10-etm-0-0-6640]). Timely PCI is currently the most effective treatment method for AMI ([@b11-etm-0-0-6640]). At present, there is abundant literature worldwide mainly on research on prognosis of AMI patients complicated with atrial fibrillation, but literature on the effect of atrial fibrillation on PCI after AMI is scarce.

In this study, AMI patients undergoing PCI were divided into the observation group (without atrial fibrillation) and the control group (complicated with atrial fibrillation) according to whether they were complicated with atrial fibrillation. All patients were followed up for 1 year. Comparisons of systolic and diastolic blood pressure as well as heart rate between the two groups at 1 month after intervention showed that systolic and diastolic blood pressure in the observation group were significantly higher than those in the control group, but the heart rate was lower than that in the control group, suggesting that the postoperative circulatory function of patients without atrial fibrillation is more stable with better recovery. In addition, the research on arrhythmia and common complications after MI in both groups showed that the proportion of patients with ventricular arrhythmia, atrial arrhythmia, atrioventricular block and sinus tachycardia in the observation group was significantly lower than that in control group, and the total proportion of common complications after MI, such as ventricular aneurysm, cardiac rupture, mural thrombosis and syndromes after MI, in the observation group was obviously lower than that in the control group, indicating that arrhythmia, ventricular aneurysm, cardiac rupture, mural thrombosis and syndromes after MI seldom occur in patients without atrial fibrillation receiving PCI after MI. At the same time, it was found during the follow-up that the coronary artery TIMI flow grades and LVEFs in the observation group immediately after operation, and at 3 months and 1 year after operation were obviously higher than those in the control group during the same period, and at 1 week and 1 month after operation, the BNP levels in the observation group were significantly lower than those in the control group during the same period, suggesting that in patients without atrial fibrillation, the effect of vascular recanalization is better. The maintenance time is longer, and postoperative LVEF can be recovered rapidly and effectively, thus reducing myocardial damage and improving prognosis of patients. Finally, the recovery time of myocardial enzyme and total troponin was compared between the two groups, and it was found that the recovery time of myocardial enzyme and total troponin in the observation group was significantly earlier than that in the control group, further proving that the postoperative recovery of patients without atrial fibrillation is quicker.

Performing vascular recanalization in coronary artery in the early stage, and maintaining myocardial perfusion, thus quickly and effectively relieving myocardial ischemia and hypoxia ([@b12-etm-0-0-6640]) have important values in increasing and improving the sinoatrial node arterial blood supply and reducing postoperative complications in AMI patients. Once MI occurs in patients complicated with atrial fibrillation before operation, especially rapid atrial fibrillation ([@b13-etm-0-0-6640]), cardiac function is prone to decline significantly ([@b14-etm-0-0-6640]), thereby aggravating myocardial ischemia via positive feedback, and increasing infarct size ([@b15-etm-0-0-6640]). Although timely interventional vascular recanalization is effective, it is difficult to improve sinoatrial node function in a short time, especially for patients with chronic atrial fibrillation ([@b16-etm-0-0-6640]). The long-term atrial fibrillation may result in mural thrombus shedding after MI, thus causing thromboembolic disease ([@b17-etm-0-0-6640]). Meanwhile, atrial fibrillation complicated before operation may further reduce the cardiac function of patients, increase ventricular rate and myocardial oxygen consumption ([@b18-etm-0-0-6640]), and lead to hemodynamic disorders, thereby increasing myocardial infarct size ([@b19-etm-0-0-6640]), even inducing heart failure and aggravating myocardial damage ([@b20-etm-0-0-6640]).

In conclusion, atrial fibrillation has a certain negative effect on circulatory function in patients with AMI after interventional therapy, and the proportions of arrhythmia and complications in patients after MI are increased at the same time, so the postoperative recovery of patients is slow and with many complications.

Not applicable.

Funding
=======

No funding was received.

Availability of data and materials
==================================

The datasets used and/or analyzed during the present study are available from the corresponding author on reasonable request.

Authors\' contributions
=======================

YZ contributed to the conception and design of the study and provided statistical methods. LZ performed the research and collected and analyzed the data of this study. HZ was responsible for carrying out additional analysis and interpreting the results. HC wrote the initial draft, revised and finalized this study and was responsible for the treatment of patients. All authors have read and approved the final manuscript.

Ethics approval and consent to participate
==========================================

This study was approved by the Ethics Committee of Affiliated Hospital of Weifang Medical University (Weifang, China). Signed informed consents were obtained from the patients or guardians.

Patient consent for publication
===============================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

![Changes in coronary artery TIMI blood flow grades of patients at different time-points before and after operation. Coronary artery TIMI flow grades in the observation group immediately after operation, and at 3 months and 1 year after operation are obviously higher than those in the control group during the same period (p\<0.05). TIMI, thrombolysis in myocardial infarction.](etm-16-04-3574-g00){#f1-etm-0-0-6640}

![Changes in LVEFs of patients at different time-points before and after operation. LVEFs in the observation group immediately after operation, and at 3 months and 1 year after operation are obviously higher than those in the control group during the same period (p\<0.05). LVEF, left ventricular ejection fraction.](etm-16-04-3574-g01){#f2-etm-0-0-6640}

![Changes in the BNP levels of patients at different time-points before and after operation. At 1 week and 1 month after operation, the BNP levels in the observation group are significantly lower than those in the control group during the same period (p\<0.05). BNP, brain natriuretic peptide.](etm-16-04-3574-g02){#f3-etm-0-0-6640}

###### 

Comparison of systolic blood pressure, diastolic blood pressure and heart rate at 1 month after intervention between the two groups (mean ± SD).

  Groups        Systolic blood pressure (mmHg)   Diastolic blood pressure (mmHg)   Heart rate (time/min)
  ------------- -------------------------------- --------------------------------- -----------------------
  Observation   105.6±2.7                        68.9±1.1                          87.5±2.9
  Control       85.3±1.9                         47.6±0.6                          98.6±3.6
  t-test        38.888                           107.513                           15.186
  P-value       0.001                            0.001                             0.001

###### 

Comparison of arrhythmia between the two groups (n).

  Groups        Ventricular arrhythmia   Atrial arrhythmia   Atrioventricular block   Sinus tachycardia
  ------------- ------------------------ ------------------- ------------------------ -------------------
  Observation     1                        2                 1                          2
  Control       10                       13                  9                        11
  χ^2^          6.746                    8.205               5.600                    5.878
  P-value       0.009                    0.004               0.018                    0.015

###### 

Comparison of common complications after MI between the two groups (n).

  Groups        Ventricular aneurysm   Cardiac rupture   Mural thrombosis   Syndromes after MI   Total incidence rate
  ------------- ---------------------- ----------------- ------------------ -------------------- ----------------------
  Observation   2                      0                 2                  1                      5 (12.5%)
  Control       6                      1                 7                  3                    17 (42.5%)
  χ^2^                                 --                                   9.028                
  P-value                              --                                   0.001                

###### 

Comparison of recovery time of myocardial enzyme and total troponin between the two groups (mean ± SD).

  Groups        LDH (days)   CK-MB (h)   Total troponin (days)
  ------------- ------------ ----------- -----------------------
  Observation   8.1±0.2      65.3±2.1    11.3±0.5
  Control       9.6±0.3      71.2±3.1    13.7±0.9
  t-test        26.312       9.966       14.743
  P-value       0.001        0.001       0.001
